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Abstract 
In this study surface fusion by the GTAW (in argon atmosphere) surfacing process on plate of cast iron with electric arc advance speeds 
from 200 to 800 mm/min and current range I=300A were performed. The geometry, microstructure, hardness, friction wear intensity were 
measured. A stepwise regression method was used to develop relationships between the electric arc advance speed, parameters of fusion 
geometry, microhardness and friction wear intensity. 
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1. Introduction 
 
Cast iron castings are required to be of high friction wear resis-
tance. Particularly high resistance to friction wear is characteristic 
for cast iron castings which contain ledeburite in their surface 
layer. Such a structure may be obtained by forcing a high enough 
superfusion of alloy, which guarantees the crystallization process 
in the metastable system. Such conditions may be created through 
rapid cooling of the near-surface layer of alloy, for example by 
the use of chills. The increase of customers’ requirements con-
tributes to the development of new technologies that allow for 
raising the usable properties of goods. The technology of casting 
surface hardening with a concentrated source of heat is increas-
ingly important [1-4]. The use of this technology allows for ob-
taining rapid crystallization conditions during the fusioned zone 
cooling.  
The aim of this study was to define the influence of scanning 
with electric arc plasma velocity on the geometry of fusion, mi-
crostructure, hardness and intensity of friction wear of non-alloy 
spheroidal cast iron samples. 
 
2. Materials and experimental proce-
dures 
 
The material for tests was non-alloy spheroidal cast iron of the 
following composition: 3.49% C, 2.30% Si, 0.66% Mn, 0.019% 
S, 0.039% P, 0.17% Cu, 0.01% Ni, 0.084% Mg.  
Melting was conducted in an electrical induction furnace of a 
100 kg capacity. To make moulds, 200x100x20 mm plate models 
were prepared, and they were installed vertically with the use of 
bentonite mass. The moulds were filled through a bottom gate 
system with cast iron 1370 
oC hot. The casting structure obtained 
was of pearlite-ferritic matrix, with spheroidal graphite precipita-
tions. To prepare samples with the surface layer hardened by the 
rapid crystallization method, plates of 200x50x10 mm were cut 
out of the castings. The plates were fusioned in the argon atmos-
phere with electric arc plasma, with the use of a tungsten elec-
trode of a I2.4 mm diameter, reinforced with thorium dioxide 
(WT20 acc. to DIN), using the current I=300A and electrical arc 
scanning rate vs=200, 400, 600, 800 mm/min. To intensify the 
process of carrying away heat (obtaining conditions similar to 
those for fusion of castings of large heat capacity) the plates were 
installed in a flow calorimeter [5] allowing for washing the sam-
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at such water flow that guaranteed decay of steam cavities at the 
sample-water, which was observed through transparent calorime-
ter walls. 
At polished sections cut in the plane perpendicular to the run 
lengthwise axis, the width and depth of fusion were evaluated. 
Samples were taken from the fusion zones to examine the micro-
structure, hardness and intensity of friction wear. An example 
microstructure of the fusion zone has been presented in Figure 1a.  
 
a) 
b) 
Fig. 1. Structure of sample for testing: a) sample hardened by 
rapid crystallization (cementite, austenite, products of hardening) 
optical and scanning microscope, b) counter-sample structure 
(transformed ledeburite, spheroidal graphite) 
 
The microstructure tests were conducted using the optical mi-
croscope NEOPHOT 2. Evaluation of the structural parameter OE 
– distance between cementite precipitations in cementite eutectic 
was conducted with the use of the scanning microscope JOEL 
JSM-5500LV. 
   
The metallographic tests revealed that in the zone of fusions 
both lamellar and fibrous cementite eutectic was created in which, 
during further rapid cooling to ambient temperature, transforma-
tion of a part of austenite took place. Hardening products were an 
effect of the transformation. A parameter that characterises the 
eutectic is the interfacial distance which in the case of lamellar 
eutectic is the interlamellar distance Op, and in the case of fibrous 
eutectic is the inter fibre distance Ow. The lamellar and fibrous 
eutectic parameters O did not differ much, only by about 0.04 Pm. 
Thus, the value of the O( parameter was defined as the average O 
evaluated for both eutectics. 
The microhardness was measured with the apparatus of Matsu-
zawa-Seiki Co. at a load of 0.98 N (HV 0.01). Refinement of the 
microstructure was so high that all the microstructure ingredients 
of the fusion zone were present in the area of microhardness tester 
pyramid impression. Thus, the measurement of microhardness of 
the fusioned zone may be treated as the measurement of micro-
hardness at low load. 
The selection of antisample material was based on the results 
of study [6]. It was decided that the material for antisample would 
be cast iron, foundry hardened (with the use of steel chill) of a 
hardness of 60 HRC. The antisample was made of cast iron of the 
following composition: 3.59% C, 2.60% Si, 0.49% Mn, 0.010% 
S, 0.04% P, 0.77% Cu, 0.69% Ni, 0.01% Mo, 0.72 % Cr, 0.044% 
Mg. Disk-shaped casting of a I210 mm diameter and 15 mm 
thickness was made in a chill mould. The antisample material 
microstructure has been presented in Fig. 1b. The cooperation 
surface was prepared through taking off the casting skin with 
grinding.  
The friction pair was a disk-shaped antisample and the cubic 
sample pressed to it. The criterion for evaluation was the intensity 
of friction wear Zi calculated from the following dependence:  
                    Zi=Z/li,                                           (1) 
where:Z   ǻm/U·s,cm, li – friction path, cm, ǻm difference of 
sample weight, g, U – density of sample material, g/cm
3, s – sam-
ple-antisample contract surface, cm
2. 
 
The load on the sample was F=100N. The linear velocity of 
sample displacement in relation to the antisample was vt=1.6 m/s, 
and the friction time W=120 min.  
After the test, the sample surfaces were observed with the 
scanning microscope JOEL JSM -5500LV. 
 
3. Results and discussion 
The results from examining the width and depth of fusioned 
zones, the structural parameter OE (average distance between 
eutectic precipitations), the hardness and intensity of friction wear 
have been presented in Table 1. 
 
Table 1. Results of geometrical parameters width and depth, O 
eutectic parameter, hardness and friction wear of sample 
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I, A 
vs, 
mm/min 
w, 
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d, 
mm 
OE,  
Pm 
HV0,1 Zi, 10
-10
1 300  200  10,1 2,9  1,23 733  6,9 
2 300  400  8,1 2,4  0,88 780  3,6 
3 300  600  6,0 2,0  0,68 827  2,6 
4 300  800  5,1 1,8  0,50 861  1,8 
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sensitive to velocities of electric arc scanning than their depth. 
Within the velocity range used, the width of fusion changed by 
approx. 2 times while its depth changed by approx. 30%. Wider 
and deeper fusion is an effect of longer time under the influence 
of electric arc plasma to the surface of material, which is the 
result of its slower travel.  
The impact of electric arc scanning to the geometry of fusion 
is presented in Fig. 2.  
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Fig. 2. Influence of the travel speed on width w and depth d of the 
fusion zone 
 
The influence of the electric arc scanning speed to the struc-
tural parameter O( is presented in Fig. 3. Within the electric arc 
scanning speed range, the structural parameter O( changed 
approx. 2.5 times. Decrease of the structural parameter value O( 
together with the increase in electric arc scanning speed is a result 
of providing less heat to the heated surface, which results in the 
creation of a small volume molten pool. Cooling of such a pool is 
more rapid than of a larger volume molten pool. 
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Fig. 3. Influence of arc travel speed on structural parameters O(
Influence of parameter O( on the hardness of fusion zone is 
presented in Fig. 4. The increase of hardness observed is caused 
by a more refined cementite eutectic.  
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Fig. 4. Relationship between structural parameters O( and hard-
ness 
 
The influence of structural parameter O( on the cast iron fric-
tion wear intensity is presented in Fig. 5. 
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Fig. 5. Influence of structural parameter O( on the friction wear 
intensity Zi 
 
The friction wear intensity of the cast iron sample in the ini-
tial condition, in cooperation with the antisample of foundry 
hardened cast iron was Zi=420·10
-10. 
The results presented above indicate that cast iron casting 
surface hardening with a concentrated source of heat allowed to 
obtain a cementite eutectic characteristic of exceptionally high 
resistance to friction wear. In the case of cementite eutectic with 
the structural parameter O( =0.5 Pm, an approx. 200-time de-
crease in friction wear intensity was achieved if compared to the 
friction wear intensity of cast iron in initial conditions. In the case 
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approx. 60-time decrease in friction wear intensity was achieved 
if compared to the friction wear intensity of cast iron in initial 
conditions. 
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